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ABSTRACT  
Decorating  Behavior  and  Decoration  Preference  in  the  Masking  
Crab,  Loxorhynchus  crispatus  
by  
Catherine  Anne  Drake  
Masters  of  Science  in  Marine  Science  
California  State  University  Monterey  Bay,  2016  
  
Organisms  adapt  to  responses  in  their  environment,  and  over  time  if  that  adaptation  is  
successful  in  increasing  survival  within  the  population,  the  species  will  evolve  accordingly.  
An  example  of  induced  evolution  is  through  predator-­prey  interactions.  As  a  predator  hunts  
its  prey,  the  prey  must  find  ways  to  avoid  predation  in  order  to  survive.  Evolved  traits  or  
behaviors  to  avoid  predation  include  escape  through  size  refuge,  various  physical  or  chemical  
defensive  strategies,  vertical  migration  through  a  water  column,  inducible  morphological  
shifts,  unpalatability,  mimicry,  or  camouflage.  To  camouflage  oneself,  organisms  have  been  
observed  to  use  coloration  or  change  their  shape—morphological  changes  to  the  body—to  
look  similar  to  their  environment.  However,  some  organisms  are  constrained  by  their  
morphology  and  have  evolved  other  methods  of  camouflage,  such  as  attaching  items  to  
oneself  to  blend  into  its  surroundings.    
The  superfamily  of  spider  crabs,  Majoidea,  has  hooked  setae  on  their  appendages  and  
carapaces,  allowing  for  the  attachment  of  items  onto  the  exoskeleton.  Approximately  75%  of  
majoid  crabs  decorate  themselves  with  materials  from  their  environment  to  their  bodies  for  
camouflage.  Decoration  differs  intra-­  and  interspecifically:  amount  of  setal  cover  on  the  
exoskeleton  as  well  as  the  life  stage  and  sex  of  the  individual  crab  are  known  to  influence  the  
behavior  of  decoration.  Behavioral  changes  exhibited  by  some  decorator  crabs  have  been  
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categorized  as  “sexually  dimorphic  ontogenetic  shifts,”  that  is,  decoration  behavior  changes  
as  a  crab  ages,  but  the  behavioral  shift  is  different  for  males  and  females.  Additionally,  
females  and  juveniles  tend  to  be  more  cryptic  and  have  more  decorative  cover  than  males,  in  
other  words,  crabs  decorate  less  with  increased  size.  Three  strategies  of  specialized  
decoration  have  been  observed  in  decorator  crabs:  mimicking  the  environment  to  camouflage  
and  avoid  predation,  placing  preferred  dietary  items  on  the  body  as  decoration  and  for  food  
storage,  or  choosing  materials  containing  toxic  chemical  deterrents  to  decrease  predation.    
Local  to  the  Eastern  Pacific  coast,  the  masking  crab,  Loxorhynchus  crispatus,  may  
behave  similarly  to  other  decorator  crabs  by  utilizing  one  of  these  three  decoration  strategies.  
Despite  variations  in  its  local  habitat,  generally  the  same  taxonomic  groups  are  found  on  L.  
crispatus  throughout  its  habitat  range  (Wicksten  1978).  This  trend  may  suggest  that  the  crabs  
are  preferentially  choosing  these  taxa  for  decoration,  yet  this  selectivity  remains  unexplored  
in  previous  studies.  Additionally,  L.  crispatus  has  been  placed  into  the  category  of  
experiencing  the  sexually  dimorphic  ontogenetic  shift  in  decorating  behavior,  hence  
potentially  juveniles,  males,  and  females  choose  different  decorative  items,  however  this  has  
also  not  yet  been  explored.  Thus,  this  study  aimed  to  answer  the  following  questions:  (1)  is  
there  evidence  that  the  crabs  are  targeting  their  decorative  organisms  in  a  non-­random  way?,  
and  (2)  how  does  selection  of  decorative  items  change  both  ontogenetically  and  by  sex?    
Decoration  composition  was  observed  using  in  situ  observational  surveys  and  
decoration  preference  was  determined  by  laboratory  decoration  choice  experiments.  For  
observational  surveys,  SCUBA  divers  searched  for  crabs  at  three  sites,  Breakwater  and  
McAbee  in  Monterey  Bay,  and  Stillwater  in  Carmel  Bay.  Photographs  were  taken  of  crabs  
found  in  each  site  to  obtain  carapace  decoration  composition,  which  was  compared  to  benthic  
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habitat  assemblages  measured  through  Random  Point  Contact.  Three  categorical  groups—
sessile  invertebrates,  articulated  coralline  algae,  and  fleshy  algae—containing  particular  
decorative  species  were  given  to  crabs  (n=27)  in  tanks  for  decoration  choice  experiments.  
Crabs  were  monitored  for  a  week,  and  photographs  of  decoration  were  taken  once  every  hour  
for  the  first  eight  hours  and  then  once  a  day  for  the  next  week.  For  observational  surveys,  
crabs  and  habitats  were  significantly  different  at  all  sites,  and  juveniles,  females,  and  males  
decorated  significantly  differently  from  each  other,  but  this  depended  on  the  site.  While  
juveniles  chose  sessile  invertebrates  as  decoration  cover,  males  used  fleshy  algae,  and  
females  used  both  invertebrates  and  algae.  Additionally,  while  males  decorated  the  least,  
juveniles  had  the  highest  amount  of  decoration  cover.  Preference  experiments  showed  the  
same  trends  with  what  items  juveniles,  females,  and  males  chose  to  decorate  themselves.  
However,  while  juveniles  had  significantly  different  decoration  assemblages  than  adults,  
males  and  females  were  not  different.  These  results  indicate  that  while  camouflage  may  be  
the  main  strategy  used  by  L.  crispatus,  other  factors  may  also  be  driving  the  behavior  and  
differences  seen  between  crabs  and  habitats,  as  well  as  between  juveniles  and  adults.  Such  
factors  may  include  passive  decoration—by  invertebrate  larvae  or  algal  sporophytes  onto  
limited  bare  space  that  happens  to  be  a  crab’s  carapace,  or  an  increase  in  decoration  due  to  a  
flexible  antipredatory  response.  Additionally,  more  natural  history,  such  as  home  range  and  
migratory  patterns,  preferred  diet,  and  potential  pressure  from  predators,  is  necessary  to  
better  understand  decorating  behavior  in  L.  crispatus.  In  conclusion,  this  study  determined  
that  crabs  are  selecting  decorative  items  non-­randomly  and  different  items  are  chosen  by  
juveniles,  females,  and  males.  
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INTRODUCTION  
Organisms  must  adapt  to  many  abiotic  or  biotic  factors  in  their  environment  in  
order  to  survive.  One  biotic  pressure  is  predation:  consumers  have  been  shown  to  directly  
affect  individual  survival  and  fitness  of  prey  (Vamosi  and  Shluter  2002;;  Laurila  et  al.  
2004;;  Lind  and  Cresswell  2005).  Consumers  directly  influence  population  sizes  and  
overall  community  structure,  as  well  as  other  processes  such  as  recruitment  and  
competition  (Bertness  et  al.  2001).  To  ensure  survival,  organisms  must  evolve  effective  
methods  to  evade  predators,  including  avoidance,  escape  in  size,  and  various  physical  or  
chemical  defensive  strategies  (Vermeij  1978).  These  methods  may  include  vertical  
migration  through  the  water  column  (Hays  et  al.  1994),  inducible  morphological  shifts  
(Harvell  1990),  or  unpalatability  (Hay  1986).    
Camouflage  is  widely  utilized  in  the  animal  kingdom  to  avoid  predation  in  both  
terrestrial  and  marine  systems  (Thayer  1909).  The  first  known  account  of  camouflage  
was  a  poem  from  the  6th  century  BCE  by  Greek  writer  Theognis:  “Be  minded  like  the  
octopus’  hue:  The  colour  of  its  rock  will  meet  the  view”  (Plutarch  100AD).  To  hide  
effectively,  an  animal  may  chemically  mask  itself  with  deterrents  to  avoid  being  eaten  
(e.g.  Fishlyn  and  Phillips  1980),  undergo  morphological  changes  to  mimic  its  
environment,  or  utilize  surrounding  substrate  as  cover  (Ruxton  2009).  Charles  Darwin  
noted  mottled  egg  coloration  in  birds  of  the  Galapagos  was  a  form  of  camouflage;;  
however,  Darwin  emphasized  that  sexual  selection  was  the  main  driver  of  coloration  in  
animals  (Darwin  1859).  Conversely,  a  separate  group  of  scientists  suggested  that  
coloration  was  affected  by  the  animal’s  need  to  conceal  or  warn.  Batesian  mimicry,  for  
example,  referred  to  the  matching  of  one  species’  colors  to  that  of  another  unpalatable  
     16
species  (Bates  1963).  Additionally,  Poulton  (1890)  collected  observations  of  sexual  
selection  and  concealing  coloration,  and  suggested  that  distinctions  in  an  animal’s  
resemblance  to  a  background  were  made  between  protective  and  aggressive  purposes:  
while  some  animals  camouflage  to  hide  from  their  predators,  others  do  so  to  ambush  their  
prey.  Strategies  of  camouflage  in  the  animal  kingdom  have  been  divided  into  three  
categories:  concealment,  advertisement,  and  disguise  (Cott  1940).  Animals  trying  to  
conceal  themselves  from  predators  are  limited  by  their  background  (Endler  1986),  which  
can  be  their  habitat,  home  range,  or  niche.    
Many  species  of  marine  crabs  are  known  to  utilize  different  methods  of  
camouflage,  including  changing  coloration  by  molting  or  decoration  (Hultgren  and  
Stachowicz  2008).  Crabs  in  the  superfamily  Majoidea  are  often  called  “spider  crabs,”  
because  they  superficially  resemble  arachnids  with  their  bulbous  carapace  and  long  
appendages,  or  “decorator  crabs,”  because  most  camouflage  themselves  with  
environmental  items.  This  superfamily  contains  more  than  900  species  globally  (Hultgren  
and  Stachowicz  2011),  with  more  than  230  of  those  species  found  in  North  America  
(Rathbun  1925).  Despite  the  large  number  of  species  and  great  diversity  amongst  them,  
two  distinctions  separate  the  majoids  from  other  groups:  all  species  of  majoids  have  two  
zoeal  stages  and  terminally  molt  after  reaching  maturation  (Rice  1980).    
After  two  molts,  the  crab  larva  settles  and  grows  hooked  setae,  allowing  
attachment  of  environmental  material  onto  the  crab’s  carapace  (Mastro  1981,  Wicksten  
1993).  There  are  eight  families  within  the  superfamily  (Ng  et  al.  2008)  and  some  
members  within  each  family  exhibit  decoration,  for  a  total  of  approximately  75%  of  
spider  crabs  that  decorate  parts  of  their  bodies  at  some  point  of  their  lives  (Hultgren  and  
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Stachowicz  2011).  The  extent  of  decoration  is  related  to  the  amount  of  hooked  setae  
cover;;  Hultgren  and  Stachowicz  (2009)  found  that  for  many  Majoids,  increased  setal  
cover  on  the  carapace  is  positively  correlated  with  increased  decoration.  Some  species  of  
decorator  crabs  actively  put  organisms  on  their  carapaces,  while  others  are  passively  
decorated  by  the  settling  and  growing  of  organisms,  with  no  effort  made  by  the  crab  
(MacGinitie  and  MacGinitie  1968).  The  method  of  camouflage  can  change  throughout  
the  organism’s  lifetime:  while  some  species  decorate  throughout  their  life,  others  only  
actively  decorate  as  juveniles  (Berke  and  Woodin  2008).  For  example,  adult  Pugettia  
producta  (Randall  1840)  lose  most  of  their  setae  and  the  ability  to  fully  decorate  
themselves  (Mastro  1981)  and  are  passively  decorated  by  the  settling  of  epiphytes  on  
their  carapaces,  while  juveniles  actively  decorate  their  carapace  (Ricketts  et  al.  1968).  
Additionally,  the  amount  of  decoration  in  majoid  crabs  is  highly  variable,  both  
ontogenetically  within  a  species  and  also  between  species.  Similarly,  decoration  can  also  
vary  between  sexes:  majoid  females  often  exhibit  increased  decoration  and  are  thus  more  
cryptic  than  males  (Berke  and  Woodin  2008).    
Multiple  strategies  to  reduce  predation  have  been  studied  in  crabs,  such  as  
variable  coloration  (Palma  and  Steneck  2013),  decorating  in  order  to  camouflage  (Thanh  
et  al.  2003,  Hultgren  and  Stachowicz  2008),  and  the  use  of  decorative  materials  that  
contain  chemical  deterrents  (Stachowicz  and  Hay  1999).  Various  species  of  kelp  crabs  
have  been  observed  placing  palatible  algae  on  their  rostrum  potentially  for  camouflage,  
which  they  later  eat  (Hines  1982).  For  example,  Notomithrax  ursus  covers  itself  with  
many  species  of  branched  algae  that  are  also  its  preferred  diet  (Woods  and  McLay  
1994a),  hence  their  decoration  acted  as  camouflage  and  a  food  store.  Decorator  crabs  also  
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select  decorative  materials  that  are  toxic  to  predators.  Libinia  dubia,  for  example,  covers  
with  a  noxious  brown  alga  Dictyota  menstrualis  and  inhabits  Eastern  U.S.  waters  
(Stachowicz  and  Hay  2000).  In  southern  waters  off  North  Carolina,  L.  dubia  covers  itself  
with  this  alga,  but  in  northern  waters  where  D.  menstrualis  is  not  present,  individuals  do  
not  exhibit  a  decorative  preference  (Stachowicz  and  Hay  2000).  Another  crab  observed  
using  decorative  deterrents  is  Inachus  phalangium,  as  individuals  were  found  to  cover  
their  carapaces  with  Dictyota  dichotoma,  another  noxious  alga  (Rorandelli  et  al.  2007).  
Omnivorous  fishes  generally  avoid  this  brown  macroalga,  as  it  produces  dictyol  E,  a  
secondary  metabolite  that  is  toxic  and  acts  as  an  antifouling  agent  for  the  alga  (Schmitt  et  
al.  1998).  Thanh  and  colleagues  (2003)  showed  increased  decoration  in  Tiarinia  
cornigera  in  the  presence  of  a  predatory  pufferfish,  noting  this  finding  was  the  “first  
evidence  that  decorating  behavior  is  altered  by  the  presence  of  a  predator,  suggesting  that  
the  crab  has  a  flexible  antipredatory  response.”    
In  summary,  there  are  at  least  three  adaptive  functions  of  decoration—(1)  
mimicking  the  local  environment  for  camouflage,  (2)  food  storage,  and  (3)  the  use  of  
toxic  species  as  deterrents  to  predation.  There  is  no  consensus  on  the  evolution  of  the  
behavior  and  thus  more  studies  and  observations  are  necessary.  The  benefits  of  
decorating  behavior  have  been  studied  for  some  species  within  Majoidea;;  however,  it  is  
unknown  how  distinct  decorating  strategies  have  evolved  within  this  superfamily.  Given  
observations  of  preferential  decorating,  some  studies  suggest  that  the  origin  of  decorating  
behavior  is  related  to  food  storage  (Calman  1911,  Wicksten  1993,  Woods  &  McLay  
1994a,  Rorandelli  et  al.  2007).  Wicksten  (1980)  hypothesized  that  decorating  evolved  in  
detritus-­eating  crabs  that  placed  uneaten  food  on  themselves  to  consume  later,  and  that  
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the  behavior  evolved  as  crabs  started  attaching  inedible  items  to  themselves.  Conversely,  
Woods  &  McLay  (1994a)  argued  that  decoration  can  serve  simultaneously  for  
camouflage  and  as  food,  therefore  either  may  have  arisen  first.  They  observed  that  N.  
ursus  individuals  left  in  tanks  for  two  days  consumed  up  to  2.8%  of  their  carapace  cover  
of  various  algae  when  other  food  is  present  and  4.1%  with  no  other  food  present,  but  this  
amount  used  as  food  storage  was  a  small  portion  of  total  carapace  cover  and  it  was  
suggested  that  camouflage  was  the  primary  function  for  the  behavior  (Woods  and  McLay  
1994b).  As  for  the  evolution  of  chemical  deterrent  decoration,  Wicksten  (1980)  suggested  
that  species  using  noxious  algae  evolved  from  covering  with  edible  items.  Woods  and  
McLay  (1994a)  disagreed,  stating  that  initially  inedible  organisms  may  have  settled  on  
crabs  and  that  the  three  strategies  of  decorating—those  that  eat  their  cover,  those  that  use  
toxic  deterrents,  and  those  that  simply  camouflage—may  have  evolved  separately.  
To  better  understand  decorating  behavior  and  to  possibly  shed  light  on  the  
evolution  of  the  three  strategies  in  the  behavior,  this  study  examined  the  masking  crab,  
Loxorhynchus  crispatus  Stimpson  1857.  Unlike  other  local  decorator  crabs,  L.  crispatus  
is  covered  with  hooked  setae  and  exhibits  decoration  throughout  its  life,  and  can  thus  be  a  
potential  model  species  for  better  understanding  the  behavior.  Loxorhynchus  crispatus  
may  decorate  their  carapaces  for  one  or  more  of  the  following  reasons:  (1)  using  noxious  
species  to  chemically  deter  predators,  (2)  using  their  carapace  as  a  location  to  store  
preferred  food  resources,  or  (3)  mimicking  their  environment  with  camouflage  to  avoid  
predator  detection.  These  strategies  predict  non-­random  and  differential  selection  of  
decorative  items  from  the  environment,  with  preference  for  noxious  species,  high  food  
value  species,  or  species  matching  the  crabs’  surroundings,  respectively.  Also,  the  
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method  of  decoration  behavior  may  differ  ontogenetically  or  by  gender.  Berke  and  
Woodin  theoretically  (2006)  and  experimentally  (2008)  showed  that  decoration  can  have  
a  physiological  energetic  cost,  and  L.  crispatus  was  placed  into  a  group  of  decorator  crabs  
exhibiting  “sexually  dimorphic  ontogenetic  shifts”  in  decorating  behavior.  That  is,  as  
juveniles,  the  benefit  of  reduced  predation  by  increased  decoration  is  greater  than  costs  of  
expending  energy  to  decorate.  As  the  individuals  grow,  such  costs  may  be  amplified  or  
benefits  reduced  depending  on  the  sex  of  the  crab  (Berke  and  Woodin  2008).  As  crabs  
grow  into  adults,  they  potentially  gain  size  refuge  by  outgrowing  the  gape  size  of  their  
predators  and  decorate  less  (Stachowicz  and  Hay  1999).  Thus,  the  objective  of  this  study  
is  to  determine  whether  L.  crispatus  preferentially  select  decorative  items  from  its  
environment,  and  if  so,  whether  selected  decorative  items  have  high  food  or  noxious  
value  and  if  decoration  choice  changes  ontogenetically  and  by  sex.    
  
HYPOTHESES  
   H1:  Crabs  will  select  decorative  organisms  in  a  way  that  will  demonstrate  that  
selection  is  non-­random.    
   Given  the  three  strategies  of  decoration—camouflage,  food  storage,  and  chemical  
deterrents—H1  predicts  that  L.  crispatus  individuals  will  select  their  decorative  items  in  a  
way  that  confirms  these  crabs  are  exhibiting  one,  or  more,  of  these  decorating  strategies.  
If  crabs  are  mimicking  their  environment,  their  decorative  assemblage  will  match  their  
environment.  Conversely,  potential  food  will  be  their  main  decoration  cover  if  crabs  are  
using  their  carapaces  as  a  food  store.  Finally,  crabs  will  preferentially  select  noxious  
deterrents  if  present  in  the  environment  in  an  attempt  to  deter  predation.  
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H2:  The  selection  of  decoration  by  L.  crispatus  will  change  both  ontogenetically  
and  by  sex.  
Specifically,  the  amount  of  cover  will  decrease  as  crab  size  increases;;  males  will  
have  the  barest  carapaces,  followed  by  females,  and  juveniles  will  have  the  most  amount  
of  cover.  Secondly,  carapace  decorative  assemblages  will  differ  among  juveniles,  
females,  and  males,  and  crabs  will  choose  different  decorative  items  to  covers  
themselves.  
METHODS  
Study  Species  Natural  History  
Local  to  the  California  coast,  Loxorhynchus  crispatus  has  a  triangular  shaped  
carapace  with  large,  blunted  tubercles  (Stimpson  1857).  Unlike  L.  grandis,  which  has  a  
curved  rostrum,  L.  crispatus  has  a  straight  rostrum;;  the  species  is  covered  with  hooked  
setae.  Of  decorator  crabs  along  the  Eastern  Pacific  coast,  L.  crispatus  has  the  highest  setal  
cover  and  decorates  the  most  as  juveniles  (Hultgren  and  Stachowicz  2009)  and  continue  
to  have  high  setal  cover  throughout  their  life.  Adult  females  average  around  5  cm  in  
carapace  width,  while  adult  males  average  12  cm  in  carapace  width.  This  species  can  be  
found  in  the  low  intertidal  to  subtidal  depths  of  180  meters  from  Humboldt  County  to  
Baja  California  (Jensen  1995).    
Few  studies  have  been  conducted  demonstrating  the  yearly  cycle  of  local  
decorator  crabs,  however  Hines  (1982)  noted  that  in  L.  crispatus,  Pugettia  producta,  P.  
richii,  Scyra  acutifrons,  and  Mimulus  foliatus,  there  was  no  obvious  cycle  for  
reproduction  and  recruitment  given  high  variability  in  both  biotic  and  abiotic  factors  at  
Hopkins  Marine  Life  Refuge.  Hines  (1982)  also  showed  that  both  strong  predation  
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pressure  and  physical  factors  such  as  winter  storms  caused  no  apparent  seasonality  in  
brooding  and  reproduction.  Some  crabs  have  been  known  to  have  migratory  patterns  for  
reproduction  (Hooper  1986)  or  sexual  maturation  (Gonzalez-­Gurriaran  et  al.  2002).  Not  
much  is  known  about  an  individual’s  home  range  and  movement  patterns,  although  these  
decorator  crabs  are  presumed  to  be  somewhat  sedentary  with  small  home  ranges  
(personal  observation).    
Holmes  (1900)  observed  that  L.  crispatus  was  generally  covered  with  hydroids,  
bryozoans,  sponges  and  seaweeds.  Ricketts  et  al.  (1968)  commented  that  some  
individuals  of  L.  crispatus  augment  their  exoskeletons  by  “planting”  algae  and  organisms  
on  their  carapaces.  MacGinitie  (1937)  noted  that  the  sister  species,  L.  grandis,  decorated  
only  as  a  juvenile,  losing  the  “instinct”  at  about  8  cm  carapace  width.  When  a  crab  finds  
an  item  suitable  for  camouflage,  it  places  the  item  in  its  mouth,  manipulates  the  item,  and  
then  secures  the  item  with  its  chelipeds  and  hooks  it  onto  the  setae  atop  its  carapace  
(Wicksten  1979).  After  molting,  L.  crispatus  individuals  may  remove  decorative  items  
from  the  exuvium  and  placed  the  old  items  on  the  new  exoskeleton  (Wicksten  1975).  
Wicksten  (1979)  observed  decorating  behavior  in  L.  crispatus  in  both  Carmel  Bay  and  
Los  Angeles  Harbor,  CA.  She  noted  that  while  half  of  adult  females  collected  (>6  cm  
carapace  width)  were  decorated,  no  adult  male  over  8  cm  carapace  width  was  decorated  
(Wicksten  1979).  In  this  same  experiment,  Wicksten  noted  that  of  171  juveniles,  only  5  
did  not  decorate.  This  ontogenetic  behavioral  change  is  consistent  among  other  decorator  
crabs,  as  an  increase  in  an  individual’s  size  leads  to  a  decrease  in  predation.  Thus,  it  has  
been  hypothesized  that  energetic  costs  expended  for  decorating  nonadaptive  (Berke  and  
Woodin  2008).  As  L.  crispatus  grows  and  molts  (until  its  terminal  molt)  the  need  to  
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decorate  to  avoid  predation  decreases  as  the  ability  to  protect  oneself  increases  with  
increased  chelae  size.    
Until  1978,  it  was  unknown  whether  L.  crispatus  attached  items  from  its  habitat  
chemically  or  mechanically.  Schafer  (1954)  suggested  that  L.  crispatus  secretes  a  glue-­
like  substance  from  glands  inside  their  mouths  to  successfully  attach  parts  of  organisms  
to  their  carapace.  Then,  Wicksten  (1978)  removed  the  glands  and  observed  that  L.  
crispatus  individuals  were  still  able  to  decorate,  indicating  that  the  behavior  was  not  
solely  a  chemical  process  (if  at  all),  but  a  mechanical  one.  According  to  Wicksten  (1979),  
when  a  crab  finds  an  item  suitable  for  camouflage,  it  places  the  item  in  its  mouth,  
manipulates  the  item,  secures  the  item  with  its  chelipeds  and  hooks  it  onto  the  setae  atop  
its  carapace.    
  
Study  System  and  Sites  
Multiple  locations  within  Monterey  Bay  and  Carmel  Bay  were  used  as  study  sites  
for  this  project:  McAbee  State  Beach  (36°36'57.40"N    by  121°53'55.46"W,  “McAbee”),  
San  Carlos  Beach  Park  (36°36'35.45"N  by  121°53'41.08"W,  more  commonly  referred  to  
as  “Breakwater”),  and  Stillwater  Cove  (36°33'38.25"N  by  121°56'46.45"W,  “Stillwater”)  
(Figure  1).  Breakwater  and  McAbee  are  located  within  Monterey  Bay  and  are  exposed  to  
northwest  swells,  and  Stillwater  Cove  is  located  within  Carmel  Bay  and  is  exposed  to  
southwest  swells.  Breakwater  and  McAbee  both  have  a  topography  that  is  gradually  
sloping  to  approximately  10  m  depth  at  100  m  offshore.  The  bottom  at  these  sites  are  
covered  by  sand,  small  boulders  and  low-­relief  bedrock.  Conversely,  at  15  m  to  20  m  
depth  at  Stillwater  Cove  there  are  large  vertical  faces  of  bedrock  and  the  topography  is  
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highly  variable.  All  sites  have  similar  mobile  and  sessile  invertebrate  community  
assemblages  within  Macrocystis  pyrifera  beds  (personal  observation).  Macroalgal  cover,  
however,  differs  at  each  of  the  sites  below  the  M.  pyrifera  canopy  at  the  sub-­canopy  and  
understory  levels.  At  McAbee  and  Breakwater,  red  algae  dominate  the  substrate,  and  the  
most  prevalent  species  are  Rhodymenia  spp.  and  Chondracanthus  sp.  Along  with  M.  
pryifera,  Stephanocystis  osmundacea  is  another  kelp  present  at  Breakwater  and  McAbee.  
Finally,  at  Stillwater,  there  is  a  large  M.  pyrifera  bed  with  a  sub-­canopy  of  Pterygophora  
californica,  below  which  grow  the  articulated  coralline  algae,  Calliarthron  spp.  and  
Bosiella  sp.  and  crustose  coralline  algae.  
  
Figure  1.  Breakwater  and  McAbee  in  Monterey  Bay  in  Monterey,  CA;;  Stillwater  Cove  in  Carmel  
Bay  in  Pebble  Beach,  CA.  
  
  
Carapace  vs.  Environment  Observational  Field  Surveys  
Observational  surveys,  comparing  composition  of  crab  decoration  to  benthic  
habitat  composition,  were  conducted  to  determine  whether  (1)  L.  crispatus  individuals  
decorate  by  selecting  organisms  proportional  to  their  availability  in  the  environment,  and  
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(2)  whether  decoration  choice  changes  between  juveniles,  females,  and  males.  These  
surveys  were  performed  at  all  three  sites  described  above  (Figure  1).  SCUBA  dives  at  
each  site  were  performed  throughout  the  kelp  bed  to  spread  observations  across  potential  
L.  crispatus  habitat.  Due  to  typically  low  L.  crispatus  densities  noted  herein  and  in  other  
studies  (personal  observation,  Hines  1982),  divers  searched  within  the  benthic  habitat  
until  a  crab  was  found.  When  a  crab  was  located,  a  photograph  was  taken  of  the  
decorative  cover  on  the  crab’s  carapace  for  later  analysis  in  the  laboratory.  
Morphological  data  on  each  crab  were  also  recorded,  including:  carapace  length  and  
width,  right  chelae  length  (from  the  beginning  of  the  dactyl  to  the  start  of  the  carpus)  and  
width,  sex,  and  conditions  of  the  crab  (e.g.  missing  appendages).  It  was  assumed  that  the  
length  of  each  chelae  was  the  same  and  so  only  right  chelae  length  and  width  were  
recorded,  unless  the  right  chelae  was  missing,  then  the  left  chelae  was  recorded.  
Then,  a  1  m  x  1  m  quadrat  was  placed  on  the  substrate  centered  over  the  crab  and  
Random  Point  Contact  (RPC)  data  were  recorded  within  the  quadrat  to  characterize  the  
availability  of  sessile  species  in  the  crab’s  vicinity.  RPC  data  were  collected  by  using  a  
RPC  bar,  which  is  a  meter-­long  PVC  pipe  with  a  rope  attached  to  both  ends  of  the  pipe  
that  has  five  randomly  placed  knots.  It  is  customary  when  making  an  RPC  bar  to  use  five  
knots,  and  they  were  placed  randomly  by  blindly  picking  up  the  rope  and  knotting  it  at  
that  selected  location.  To  take  these  data,  the  RPC  bar  was  placed  within  the  left  half  of  
the  quadrat,  the  rope  was  pulled  separately  at  each  of  the  five  knots  into  a  right  angle,  and  
the  habitat  under  this  designated  point  was  characterized.  Point  characterization  was  
performed  by  recording  any  macroorganism  and  substrate  at  that  point.  The  RPC  bar  was  
flipped  over,  used  again,  and  then  moved  into  the  right  half  of  the  quadrat  and  used  twice,  
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for  a  total  of  20  points  within  the  quadrat.  In  addition,  at  each  site  a  subset  (n=2-­12)  of  
randomly  placed  quadrats  were  assessed  for  point  contact  using  the  RPC  bar  to  provide  
an  accurate  representation  of  available  habitat,  and  hence  decorative  items,  available  to  
the  crabs  at  each  site.  These  random  quadrats  were  combined  with  the  crab-­centered  
quadrats  to  compare  the  percent  cover  of  benthic  species  in  the  habitat  to  those  on  crab  
carapaces.  Additional  habitat  information  where  each  crab  was  found,  such  as  depth  (in  
meters),  substrate  type  (sand,  boulder,  or  bedrock),  and  height  size  of  relief  (assigned  “0”  
if  between  0-­10  cm,  “1”  if  10  cm  –  1  m,  or  “2”  if  >1  m),  were  recorded.  
  Photographs  of  the  crabs  were  used  to  determine  percent  cover  of  decorative  
invertebrates  and  algae  on  each  crab’s  carapace.  The  application  PhotoQuad  was  used  to  
assign  a  grid  to  the  images  with  20  random  points  on  each  carapace  to  perform  species  
counts  and  record  percent  cover.  Decorative  species  on  L.  crispatus  carapaces  were  
identified  in  the  photographs  to  the  species  level  when  possible,  otherwise  they  were  
assigned  to  the  lowest  taxon  possible  if  unable  to  determine  genus  or  species.  Percent  
cover  was  calculated  as  the  number  of  points  landing  on  a  particular  sessile  species  
divided  by  the  total  number  of  points  analyzed.  
Laboratory  Experiment  
A  laboratory  experiment  was  performed  to  further  ascertain  whether  L.  crispatus  
selectively  chooses  certain  items  in  their  environment  for  decorating  material.  Twenty-­
seven  crabs  were  collected  from  Monterey  Harbor  under  CDFW  permit  SC-­12789  and  
used  in  decoration  choice  experiments.  All  individuals  were  placed  in  separate  tanks  at  
Moss  Landing  Marine  Laboratories  (MLML).  Each  tank  was  provided  aeration  and  
running  seawater.  Morphological  data  were  also  recorded  for  this  experiment  and  only  
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crabs  with  both  chelipeds  were  used  and  were  fed  once  a  day  with  chunks  of  fish  during  
the  duration  of  the  experiment.  
A  selection  of  sessile  benthic  species  found  in  the  field  and  observed  as  
decoration  on  crab  carapaces  were  used  to  form  three  categorical  groups—combining  
species  with  similar  morphological  traits—for  preference  experiments  (Table  1).  The  
three  categorical  groups  were  (1)  sessile  invertebrates,  (2)  fleshy  algae,  and  (3)  coralline  
algae  (CA).  This  assemblage  was  distributed  haphazardly  into  each  tank  to  observe  
whether  preference  for  decorative  items,  if  any,  differs  individually,  ontogenetically,  
and/or  by  sex.  Each  tank  contained  approximately  one  third  by  displacement  volume  of  
each  categorical  group.  Within  each  tank  (n=9),  one  rock  was  placed  in  the  center  to  
decrease  the  artificial  nature  of  the  tanks,  and  one  crab  placed  upon  the  rock  with  its  food.  
This  experiment  was  replicated  three  times,  for  a  total  of  n=27  crabs  with  life  stages  
divided  up  randomly  within  each  trial;;  three  crabs  died  during  experimentation,  so  results  
were  only  shown  for  n=24  crabs  (Table  2).  
A  photograph  was  taken  of  each  crab  to  document  initial  decoration  percent  cover  
before  removing  items  to  obtain  a  bare  carapace.  Initial  decorative  items  were  removed  
by  two  pairs  of  tweezers,  one  tweezer  was  used  to  secure  the  crab  in  place,  while  the  
other  tweezer  was  used  to  remove  items  from  the  hooked  setae.  In  order  to  ensure  the  
setae  were  not  harmed  or  broken,    Once  crabs  were  cleaned,  they  were  placed  into  their  
tanks  and  given  food.  New  cover  were  recorded  daily  by  taking  photographs  each  hour  
for  the  first  eight  hours  of  the  experiment,  and  then  daily  for  one  week.  All  photographs  
were  analyzed  in  PhotoQuad  to  determine  rate  of  decoration  by  dividing  percent  cover  of  
decoration  by  the  time  elapsed.  These  images  were  analyzed  in  PhotoQuad  in  the  same  
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method  as  for  the  field  experiment,  with  n=20  random  points,  to  determine  percent  cover  
of  each  decorative  species.    
Table  1:  Common  species  observed  on  crabs  and  within  environments  at  all  sites,  and  what  
functional  group  they  belong  to  in  the  experiment.  
  
Species  Name   Functional  Group   Common  Name  or  Taxon  
Corynactis  californica   (individual)  sessile  invertebrate   strawberry  anemone  
Didemnum  sp.   (colonial)  sessile  invertebrate   colonial  tunicate  
Leucosolenia  eleanor   (colonial)  sessile  invertebrate   asconoid  sponge  
Watersipora  subtorquata   (colonial)  sessile  invertebrate   encrusting  bryozoan  
Calliarthron  spp.     articulated  coralline  algae   N/A  
Bossiella  sp.   articulated  coralline  algae   N/A  
Stephanocystis  osmundacea   (brown)  fleshy  algae   chain  bladder  kelp  
Dictyoneurum  sp.   (brown)  fleshy  algae   N/A  
Macrocystis  pyrifera   (brown)  fleshy  algae   giant  kelp  
Botrycladia  pseudodichotoma   (red)  fleshy  algae   sea  grapes  
Chondracanthus  sp.   (red)  fleshy  algae   Turkish  towel  
Rhodymenia  spp.   (red)  fleshy  algae   N/A  
  
Statistical  Analysis  –  H1  (Decoration  of  Crab  Carapaces  Relative  to  Abundance  of  Items  
in  Habitat)  
Statistical  analyses  were  run  in  the  statistical  programs  JMP  Pro  12  and  PRIMER  
7.0.  Non-­metric  multi-­dimensional  scaling  (nMDS)  plots  were  used  in  field  surveys  to  
assess  whether  percent  cover  of  organisms  on  L.  crispatus  differed  significantly  from  the  
availability  in  the  immediate  environment.  Bray  Curtis  Dissimilarity—commonly  used  
for  biological  abundance  or  proportional  data—was  used  for  each  comparison,  and  a  
square  root  transformation  was  performed  on  the  raw  data  before  analysis.  In  a  nMDS  
plot,  a  “stress”  level  between  0  and  1  is  assigned,  and  the  closer  the  stress  is  to  zero,  the  
stronger  the  compositional  relationship  between  points.  Permutational  Multiple  Analysis  
of  Variance  (PERMANOVAs)  were  used  to  determine  significance  for  nMDS  plots.  If  
significant  differences  occurred  when  more  than  two  factors  were  present,  Tukey’s  
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posthoc  pairwise  tests  were  then  used  to  distinguish  which  factors  had  significant  effects  
among  groups.  nMDS  analysis  uses  similarity  of  percentage  (SIMPER)  analysis  to  assign  
percentages  to  depict  the  amount  of  similarity  between  groups.  SIMPER  analysis  was  
utilized  to  uncover  which  functional  group  and  species  contributed,  and  to  what  extent,  to  
similarity  in  composition  of  decoration  cover  between  habitats  and  crabs.  To  test  if  
expected  final  decoration  in  the  laboratory  experiment—that  is,  if  crabs  were  attempting  
to  match  their  environment,  there  would  be  approximately  a  third  of  each  categorical  
group  on  each  carapace—matched  what  was  actually  observed,  chi-­squared  analysis  was  
used.    
Statistical  Analysis  –  H2  (Changes  in  Amount  of  Decoration  and  Decoration  Choice  with  
Age  and  Sex)  
When  comparing  composition  of  decorative  cover  of  juvenile  crabs  to  adults,  
nMDS  plots  and  SIMPER  analysis  were  utilized  for  comparisons  between  juveniles,  
females,  and  males.  To  test  whether  amount  of  decoration  decreased  with  increasing  size  
at  all  sites,  an  ANCOVA  was  performed  to  determine  if  the  factors  of  site,  carapace  
length,  and  their  interaction  had  significant  effect  on  the  amount  of  carapace  decorated  
for  all  crabs  at  the  different  sites.  To  determine  whether  juvenile,  female,  and  male  crabs  
chose  items  disproportionately  to  the  item’s  availability  in  the  environment  and  
differently  from  one  another,  Manly’s  D  Selectivity  Index  (Manly  1974)  was  used  as  
described  by  Chesson  (1983).  The  selectivity  index  Di  is  calculated  using  the  following  
equation:  
  





where  ri  =  proportion  of  item  i  on  a  crab’s  carapace,  ni  =  proportion  of  item  i  in  the  
environment,  and  the  denominator  is  the  sum  of  all  items  within  the  environment,  from  j  
=  1  to  m  items.  If  Di  is  below  the  null  index  D  for  a  site  (calculated  by  D  =  1/m),  then  item  
i  is  actively  avoided  by  the  crabs;;  conversely,  if  item  i  is  greater  than  the  null  index,  then  
it  is  disproportionately  chosen  by  the  crabs  relative  to  its  abundance  in  the  environment.  
To  determine  how  amount  of  decoration  changed  over  time  by  age  and  sex,  repeated  
measures  ANOVA  was  performed  for  the  laboratory  experiment;;  sphericity  failed  and  
thus  adjusted  Greenhouse-­Geisser  degrees  of  freedom  were  used  for  the  test.  To  observe  
whether  overall  mean  percent  cover  was  similar,  both  between  juveniles  and  adults  and  
within  the  field  and  the  lab,  one-­way  ANOVAs  were  performed.    
RESULTS  
General  Results  for  Crabs  
   Data  for  crabs,  including  morphological  measurements,  habitat  information,    
depth  and  location,  demonstrate  that  crabs  can  be  found  in  varying  environments  within  
the  three  sites  (Appendix  A,  Tables  A1  and  A2).  A  total  of  n=105  crabs  were  found  and  
photographed  for  observational  surveys,  and  a  total  n=24  crabs  were  used  for  decoration  
preference  experiments  (Table  2).  Depth  was  found  to  be  a  non-­significant  factor  in  the  
distribution  of  male  and  female  crabs,  and  juvenile  and  adult  crabs,  meaning  that  crabs  
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were  found  at  the  same  depths  at  Breakwater  (one-­way  ANOVA,  F2,30  =  2.167,  p  =  
0.132),  McAbee  (one-­way  ANOVA,  F2,30  =  0.507,  p  =  0.607),  and  Stillwater  (one-­way  
ANOVA,  F2,36  =  0.602,  p  =  0.553).  Hence,  any  differences  seen  between  juveniles  and  
adults  in  decorative  cover  could  be  due  to  sex  or  age,  not  differences  in  depths.  
Table  2:  Numbers  of  crabs  found  at  each  site  for  observational  surveys  and  used  in  laboratory  
experiment.  Note  that  even  though  27  crabs  were  collected  for  the  experiment,  three  died  during  the  
experiment  and  were  not  included  in  the  analysis.  
Site  (Surveys)   Juveniles   Females   Males   Total  at  Site  
Breakwater   7   8   18   33  
McAbee   10   9   14   33  
Stillwater   15   10   14   39  
Total  of  Group   32   27   46   105  
Experiment   9   7   8   24  
  
Results  for  H1:  Decoration  of  Crab  Carapaces  Relative  to  Abundance  of  Items  in  Habitat  
Fleshy  red  algae  dominated  at  Breakwater  and  McAbee,  while  articulate  and  
crustose  coralline  algae  were  most  abundant  at  Stillwater  (Figure  2).  However,  the  less  
abundant  sessile  invertebrates  were  the  most  utilized  decoration  by  crabs  at  all  sites  
(Figure  2).  RPC  data  from  the  three  sites  were  significantly  distinct  from  one  another  by  
categorical  groups  and  species,  but  pairwise  analysis  by  habitat  composition  at  each  site  
showed  that  for  functional  groups  only,  Breakwater  and  McAbee  were  not  significantly  
distinct  from  one  another  (nMDS,  Figures  3  and  4;;  PERMANOVA,  Table  3).  
Composition  of  the  habitat  at  Stillwater  was  significantly  different  from  both  Breakwater  
and  McAbee  by  functional  groups  and  species  (nMDS,  Figures  3  and  4;;  PERMANOVA,  
Table  3).    
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Figure  2:  Pie  chart  showing  mean  percent  cover  of  each  functional  group,  as  well  as  bare  space  or  
substrate,  on  each  crab  and  within  the  habitat  at  each  site.  
Table  3:  Pairwise  comparisons  from  PERMANOVA  statistical  analysis  showing  which  sites  were  




Figure   t   p-­value  
Unique  
Permutations  
Breakwater,  McAbee   3   0.81947   0.602   999  
Breakwater,  Stillwater   3   8.7416   0.001*   999  
McAbee,  Stillwater   3   8.5153   0.001*   996  
Breakwater,  McAbee   4   2.2891   0.001*   999  
Breakwater,  Stillwater   4   5.6565   0.001*   999  
McAbee,  Stillwater   4   6.3976   0.001*   998  
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Figure  3:  nMDS  plot  of  functional  group  compositional  percent  cover  from  each  RPC  point  taken  
within  each  site.  
  
  
Figure  4:  nMDS  plot  compositional  percent  cover  by  species  from  each  RPC  point  taken  within  each  
site.    
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At  all  three  sites,  crabs  were  decorated  with  items  in  a  significantly  different  
proportion  from  what  was  available  to  them  in  the  environment  by  functional  groups  
(nMDS,  Figure  5a,  b,  c;;  PERMANOVA,  Table  4).  At  Breakwater  and  McAbee,  crabs  
used  more  sessile  invertebrates  and  less  red  fleshy  algae  than  their  availability  in  the  
environment.  At  Stillwater,  while  articulated  and  crustose  coralline  algae  dominated  
habitats,  crabs  were  using  much  more  sessile  invertebrates  and  what  little  fleshy  algae  
was  available.  In  a  similar  pattern  to  results  by  functional  group  at  each  site,  crab  
carapace  decoration  assemblages  were  significantly  different  from  benthic  assemblages  
in  the  environment  by  species  (nMDS,  Figure  6a,  b,  c;;  PERMANOVA,  Table  4).  
Table  4:  Statistical  data  for  PERMANOVA  tests  showing  significant  differences  in  composition  of  
decoration  cover  between  crabs  and  habitats  (“type”)  by  both  functional  groups  (Figure  3)  and  by  
species  (Figure  4).  An  asterisk  indicates  significance.  
Site  
Type  of  












Breakwater   One-­way   Type   5a   1   3.9982   0.014   999  
McAbee   One-­way   Type   5b   1   10.014   0.001   997  
Stillwater   One-­way   Type   5c   1   37.763   0.001   999  
All  Sites   Two-­way  
Type,  
Site   5d   2   6.5051   0.001   998  
Breakwater   One-­way   Type   6a   1   8.6042   0.001   999  
McAbee   One-­way   Type   6b   1   16.777   0.001   997  
Stillwater   One-­way   Type   6c   1   23.19   0.001   998  
All  Sites   Two-­way  
Type,  
Site   6d   2   7.9258   0.001   999  
  
Benthic  assemblages  in  the  environment,  measured  by  either  functional  groups  
and  by  species,  were  more  similar  across  sites  than  to  assemblages  on  crabs  (nMDS,  
Figure  5d  and  Figure  6d;;  PERMANOVA,  Table  4).  However,  hollowed  out  crab  points  
are  more  closely  clumped  to  their  corresponding  solid  habitat  points,  especially  by  
species  (Figure  6d).  This  indicates  that,  although  crabs  were  significantly  different  from  
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their  habitats,  they  still  were  decorated  more  similarly  to  their  own  environment  than  to  
the  environment  at  another  site.    
  
Figure  5:  nMDS  plots  of  compositional  percent  cover  by  functional  group  comparing  crabs  to  the  
habitat  at  (a)  Breakwater,  (b)  McAbee,  (c)  Stillwater,  and  (d)  all  sites  combined.  
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Figure  6:  nMDS  plots  of  compositional  percent  cover  by  species  comparing  crabs  to  the  habitat  at  (a)  
Breakwater,  (b)  McAbee,  (c)  Stillwater,  and  (d)  all  sites  combined.  
SIMPER  analysis  was  utilized  to  quantify  the  contributions  of  different  functional  
groups  or  species  to  differences  between  crabs  and  habitats  (Table  5).  At  Breakwater  and  
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McAbee,  red  fleshy  algae,  particularly  Rhodymenia  pacifica,  were  driving  dissimilarities  
between  crab  carapace  decoration  and  their  environments,  with  more  red  fleshy  algae  
available  in  the  environment  than  found  on  the  crab  carapace.  Similarly,  at  Stillwater,  
articulated  coralline  algae,  specifically  Calliarthron  spp.,  were  more  abundant  in  the  
environment  than  on  crab  carapaces.  
Table  5:  SIMPER  analysis  showing  dissimilarity  between  crabs  and  habitats,  including  functional  







Avg  %  Dissimilarity  
of  Group  between  
Crabs  and  Habitat  
Species  Driving  
Dissimilarity  
Breakwater   53.1   red  fleshy  algae   16.84  
Rhodymenia  
pacifica  
McAbee   48.34   red  fleshy  algae   16.87  
Rhodymenia  
pacifica  
Stillwater   62.71  
articulated  
coralline  algae   17.92   Calliarthron  spp.  
  
Results  for  H2:  Changes  in  Amount  of  Decoration  and  Decoration  Choice  with  Age  and  
Sex  
Observational  Surveys  
Percent  of  total  decoration  cover  was  significantly  affected  by  carapace  length  at  
all  three  sites,  showing  that  as  crab  carapace  length  increased,  percent  cover  of  decoration  
decreased  at  each  site  (Linear  regressions,  Figure  7,  Table  6).  Amount  of  decoration  
decreased  significantly  as  crab  carapace  length  increases  (ANCOVA,  F5,99  =  37.002,  p  <  
0.0001),  but  the  amount  of  decrease  in  decoration  with  increased  size  was  the  same  for  
each  site  (ANCOVA,  F5,99  =  2.059,  p  =  0.13)  and  the  amount  of  decoration  for  any  given  
sized  crab  was  the  same  across  sites  (ANCOVA,  F5,99  =  1.517,  p  =  0.224).  
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Figure  7:  Multiple  linear  regressions  of  amount  of  total  percent  cover  on  each  crab  carapace  versus  
crab  carapace  length  by  each  site.    
  
Table  6:  Statistical  test  vales  for  multiple  linear  regressions  showing  that  amount  of  total  percent  
cover  on  each  crab  carapace  was  significantly  affected  by  crab  carapace  length  for  each  site.  An  






Freedom   F   r2   p-­value  
Breakwater   7   1,  32   9.333   0.231   0.0046*  
McAbee   7   1,  32   8.08   0.207   0.0078*  
Stillwater   7   1,  38   24.197   0.395   <  0.0001*  
  
Mean  percent  cover  of  decoration  was  62.9%  at  Stillwater,  71.8%  at  McAbee,  and  
63.03%  at  Breakwater  and  was  not  significantly  different  between  sites  (one-­way  
ANOVA,  F2,102  =  1.228,  p  =  0.297).  Between  juveniles  and  adults,  mean  percent  cover  of  
decoration  was  significantly  different,  with  50.3%  for  males,  72.1%  for  females,  and  
82.8%  for  juveniles  (one-­way  ANOVA,  F2,102  =  20.149,  p  <  0.0001).  Males  had  the  
barest  carapaces  and  juveniles  had  the  most  cover  at  all  sites,  but  overall,  comparing  
mean  percent  cover  showed  it  was  significantly  different  between  juveniles  and  males  as  
well  as  females  and  males,  but  not  juveniles  and  females  (Tukey’s  posthoc  analysis).  
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Composition  of  cover  on  males,  females,  and  juveniles  was  dissimilar  both  within  
a  site  and  across  all  sites,  but  with  more  overlap  than  seen  when  comparing  crabs  to  
habitats  (nMDS,  Figures  8  and  9).  Across  all  sites,  decoration  assemblages  of  males,  
females,  and  juveniles  were  significantly  different  from  each  other  by  functional  group  
(nMDS,  Figure  8d;;  pairwise  PERMANOVA,  Table  7)  and  by  species  (nMDS,  Figure  9d;;  
pairwise  PERMANOVA,  Table  7).  However,  females,  males,  and  juveniles  were  not  
always  decorated  significantly  differently  individually  at  each  site  (pairwise  
PERMANOVA,  Table  7).    
Manly’s  D  Selectivity  Index  showed  that  crabs  selected  some  functional  groups  
disproportionally  more  than  their  availability  in  the  environment,  which  is  indicated  by  
any  bar  above  the  null  index  line  (Figure  10).  While  males  chose  brown  and  green  fleshy  
algae,  juveniles  selected  sessile  invertebrates,  and  females  preferred  both  green  and  red  
fleshy  algae  and  sessile  invertebrates.  Shell  debris,  crustose  and  coralline  algae  were  not  
often  chosen  as  decoration  by  any  life  stage  of  the  crabs.  Intra-­sex  comparisons  from  
SIMPER  analysis  showed  that  among  males  at  all  sites  and  females  at  Breakwater,  bare  
space  was  the  main  similarity;;  for  females  at  McAbee  and  Stillwater  and  for  juveniles  at  
all  sites,  sessile  invertebrates  were  the  most  similar  decorative  items  (Table  7).    
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Figure  8:  nMDS  plots  showing  similarity  of  functional  group  compositional  percent  cover  between  
juvenile  and  adult  crabs  at  (a)  Breakwater,  (b)  McAbee,  (c)  Stillwater,  and  (d)  all  sites.  
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Figure  9:  nMDS  plots  showing  similarity  of  species  compositional  percent  cover  between  juvenile  and  
adult  crabs  at  (a)  Breakwater,  (b)  McAbee,  (c)  Stillwater,  and  (d)  all  sites.  
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Table  7:  Pairwise  PERMANOVA  p-­values  showing  that,  depending  on  site,  composition  of  
decoration  cover  between  males,  females,  and  juveniles  was  not  always  significantly  different.  An  









Males  and  Females  
Breakwater   8a   1.3027   0.17   998  
McAbee   8b   3.8261   0.003*   995  
Stillwater   8c   2.0861   0.028*   994  
All  Sites   8d   3.7717   0.001*   999  
Males  and  Juveniles  
Breakwater   8a   5.631   0.001*   988  
McAbee   8b   3.9981   0.002*   997  
Stillwater   8c   4.9424   0.001*   998  
All  Sites   8d   8.3086   0.001*   997  
Females  and  Juveniles  
Breakwater   8a   3.3721   0.003*   558  
McAbee   8b   0.73569   0.506   900  
Stillwater   8c   2.2848   0.019*   990  
All  Sites   8d   3.709   0.001*   998  
Males  and  Females  
Breakwater   9a   1.1301   0.248   997  
McAbee   9b   2.4661   0.006*   997  
Stillwater   9c   1.7131   0.003*   997  
All  Sites   9d   2.3326   0.001*   999  
Males  and  Juveniles  
Breakwater   9a   3.9992   0.001*   999  
McAbee   9b   3.1788   0.002*   999  
Stillwater   9c   3.6774   0.001*   998  
All  Sites   9d   5.1166   0.001*   998  
Females  and  Juveniles  
Breakwater   9a   2.9746   0.003*   730  
McAbee   9b   0.76933   0.662   981  
Stillwater   9c   1.8916   0.021*   997  
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Figure  10:  Manly’s  D  Selectivity  Index  was  calculated  for  adult  and  juvenile  crabs  all  sites.  Any  bar  
above  the  null  index  line  (null  index  =  0.125)  indicates  disproportionate  selectivity  by  the  crabs  
compared  to  what  is  available  in  the  enivornment.    
SIMPER  analysis  was  also  utilized  to  tease  apart  what  decorative  functional  
groups  and  organisms  were  driving  distinctions  between  sexes  at  each  site  (Table  8,  
Table  9).  On  average,  composition  of  cover  for  juveniles  were  the  most  similar  to  one  
another  at  73.25%,  males  were  65.96%  similar  to  each  other,  and  females  were  the  least  
similar  at  62.97%  (Table  8).  At  all  three  sites,  males  and  juveniles  had  the  highest  
dissimilarity  percentage;;  conversely,  the  lowest  percent  of  dissimilarity  was  between  
males  and  females  at  Breakwater,  and  between  females  and  juveniles  at  McAbee  and  
Stillwater  (Table  9).  Females  and  juveniles  had  the  most  similar  decoration  assemblage  at  
an  average  of  57.53%,  average  similarity  between  males  and  females  was  56.26%,  and  
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was  only  40.75%  between  males  and  juveniles.  Males,  females,  and  juveniles  were  on  
average  51.51%  similar  to  one  another  in  their  decorative  composition  (Table  9).     
Table  8:  SIMPER  analysis  showing  similarity  among  each  crab  sex,  including  average  similarity  of  












Breakwater   61.93   bare  space   34.66   N/A  
McAbee   70.34   bare  space   34.33   N/A  
Stillwater   65.6   bare  space   43.85   N/A  
ALL   65.21   bare  space   37.07   N/A  
Among  Females  
Breakwater   50.16   bare  space   22.89   N/A  
McAbee   70.53   sessile  invertebrate   53.31  
Leucosolenia  
eleanor  
Stillwater   68.22   sessile  invertebrate   38.86   Scrupocellaria  sp.  




Breakwater   79.51   sessile  invertebrate   79.51  
Leucosolenia  
eleanor  
McAbee   67.16   sessile  invertebrate   53.08  
Leucosolenia  
eleanor  
Stillwater   73.09   sessile  invertebrate   65.33   Scrupocellaria  sp.  
ALL   72.32   sessile  invertebrate   63.85   Scrupocellaria  sp.  
  
Three  species  were  the  main  drivers  of  dissimilarities:  the  red  fleshy  algae  
Rhodymenia  pacifica  drove  differences  between  crabs  and  habitats,  a  branching  bryozoan  
Scrupocellaria  sp.  and  the  asconoid  sponge  Leucosolenia  eleanor  drove  differences  
between  juvenile  and  adult  crabs.  Juveniles  used  significantly  more  of  the  two  sessile  
invertebrates  than  males,  females  used  all  three  species  in  relatively  equal  abundance,  and  
males  used  significantly  more  of  the  red  fleshy  algae  than  juveniles  (Figure  11).  
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Table  9:  SIMPER  analysis  showing  dissimilarity  between  sexes,  including  average  dissimilarity  of  













Between  Males  and  Females  
Breakwater   44.95   sessile  invertebrate   12.65   Scrupocellaria  sp.  
McAbee   49.29   sessile  invertebrate   20.05   Leucosolenia  eleanor  
Stillwater   36.99   sessile  invertebrate   13.3   Scrupocellaria  sp.  
Between  Males  and  Juveniles  
Breakwater   74.47   sessile  invertebrate   27.51   Leucosolenia  eleanor  
McAbee   53.31   sessile  invertebrate   20.3   Leucosolenia  eleanor  
Stillwater   49.98   bare  space   19.03   N/A  
Between  Females  and  Juveniles  
Breakwater   62.53   sessile  invertebrate   21.59   Leucosolenia  eleanor  
McAbee   30.45   bare  space   10.66   N/A  
Stillwater   34.43   bare  space   15.53   N/A  
  
  
Figure  11:  Bar  graphs  depicting  percent  cover  for  three  individual  drivers  of  crab  carapace  
decoration  dissimilarity,  (a)  Rhodymenia  pacifica,  (b)  Scrupocellaria  sp.,  and  (c)  Leucosolenia  eleanor,  
between  juvenile  and  adult  crabs.  Error  bars  indicate  standard  error  and  groups  sharing  a  letter  
above  error  bars  were  not  significantly  different.       
Means  of  percent  cover  were  significantly  different  between  groups  for  R.  
pacifica  (one-­way  ANOVA,  F2,102  =  7.897,  p  =  0.0006),  Scrupocellaria  sp.  (one-­way  
ANOVA,  F2,102  =  11.007,  p  <  0.0001),  and  L.  eleanor  (one-­way  ANOVA,  F2,102  =  7.62,  p  
=  0.0008),  Tukey’s  posthoc  analysis  demonstrated  that  mean  cover  of  all  three  species  for  
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males  and  females  were  not  significantly  different,  (R.  pacifica,  p  =  0.194,  Scrupocellaria  
sp.,  p  =  0.163,  and  L.  eleanor,  p  =  0.271),  but  cover  on  males  and  juveniles  was  
significantly  different  for  the  three  species  (p  =  0.0004,  p  <  0.0001,  p  =  0.0005  
respectively).  For  females  and  juveniles,  only  cover  of  Scrupocellaria  sp.  was  
significantly  different  (p  =  0.0443).  
  
Laboratory  Experiment  
A  total  of  27  crabs  were  observed  decorating  in  laboratory  preference  
experiments,  three  of  which  died  mid-­experiment,  and  were  not  included  in  analysis.  
Three  crabs  did  not  decorate  at  all  during  the  experiment,  and  were  not  used  when  
calculating  percentages  of  crabs  that  decorated.  Rate  of  decoration  was  significantly  
different  between  juveniles,  females,  and  males,  through  each  time  point  (Repeated  
Measures  ANOVA  Size  x  Time  interaction,  adjusted  G-­G  =  0.1378,  F3.6,37.6  =  3.873,  p  <  
0.0001,  Figure  12).  Juveniles  started  decoration  first  with  the  highest  rate  of  initial  
decoration,  decorating  faster  than  females,  and  females  decorated  faster  than  males  
(Figure  12).  Day  3  was  the  first  time  point  where  amount  of  cover  was  significantly  
different,  only  between  males  and  juveniles,  and  this  trend  continued  for  the  duration  of  
the  experiment  (Tukey’s  posthoc  analysis,  p  =  0.0078).  
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Figure  12:  Temporal  decoration  trajectories  indicating  changes  in  the  mean  percent  cover  of  
carapaces  decorated  in  laboratory  choice  experiments  among  juveniles,  females,  and  males.  
Composition  of  decoration—both  when  carapace  was  included  as  well  as  by  species  
only—was  significantly  different  between  juveniles  and  adults,  but  not  between  males  
and  females  (nMDS,  Figure  13a,  b;;  PERMANOVA,  Table  10).  Significance  increased  
between  males  and  juveniles  when  adding  bare  carapace  to  the  decoration  composition,  
but  decreased  between  females  and  juveniles  (Table  10).  W.  subtorquata  is  likely  driving  
the  differences  between  juveniles  and  adults,  as  only  juveniles  covered  with  the  
encrusting  bryozoan  on  the  last  day,  and  66.67%  of  juveniles  used  the  sessile  invertebrate  
(Figure  14).  SIMPER  analysis  demonstrated  that  in  the  laboratory,  on  average,  males,  
females,  and  juveniles  were  78.84%  similar  to  each  other  in  their  decorative  composition,  
with  bare  space  and  C.  californica  driving  the  differences  (Table  11).  Average  crab  
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decorative  assemblages  were  more  similar  to  one  another  in  decoration  choice  
experiments  (78.84%)  to  observational  surveys  (51.51%).  
  
Figure  13:  nMDS  plots  showing  similarity  of  species  compositional  percent  cover  between  juvenile  
and  adult  crabs,  both  (a)  with  bare  carapace  included  and  (b)  by  species  only.    
  
Figure  14:  Carapace  decoration  on  the  final  day  of  the  laboratory  experiment  for  females,  juveniles,  
and  males.    
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Table  10:  Pairwise  PERMANOVA  analysis  showing  significance  in  decorative  compositional  
differences  between  juveniles,  females,  and  males.  An  asterisk  indicates  significance.  
  
Comparisons   t   p-­value  
Unique  
Permutations  
Males  and  Females  
Species  Only   1.1897   0.199   570  
With  Bare  Carapace   1.3393   0.157   837  
Males  and  Juveniles  
Species  Only   1.9503   0.027*   785  
With  Bare  Carapace   2.7386   0.009*   903  
Juveniles  and  Females  
Species  Only   1.9823   0.003*   955  
With  Bare  Carapace   2.3007   0.007*   941  
  
Table  11:  SIMPER  analysis  showing  similarity  among  sexes  and  dissimilarity  between  sexes  during  
preference  experiments.    
  
%  Similarity   Species  Driving  Similarity   Avg  %  Similarity  
Among  Males  
83.89   bare  space   82.97  
Among  Females  
78.32   bare  space   74.96  
Among  Juveniles  
77.84   bare  space   62.12  
%  Dissimilarity   Species  Driving  Dissimilarity   Avg  %  Dissimilarity  
Between  Males  and  Females  
18.81   Corynactis  californica   6.36  
Between  Males  and  Juveniles  
22.34   Corynactis  californica   11.22  
Between  Females  and  Juveniles  
22.33   Corynactis  californica   9.75  
  
Unlike  in  the  field,  preference  experiments  showed  that,  when  given  equal  
abundance  of  each  functional  group,  the  most  commonly  used  decorative  item  was  C.  
californica  at  42.9%,  and  the  second  most-­used  item  was  W.  subtorquata  at  38.1%  
(Appendix  A,  Tables  A3  and  A4).  However,  the  highest  mean  percent  cover  of  an  item  
for  each  life  stage  and  sex  was  the  red  fleshy  algae  R.  pacifica  for  females  (9.99%),  the  
giant  kelp  M.  pyrifera  for  males  (3.94%),  and  W.  subtorquata  for  juveniles  (44.31%).  The  
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encrusting  bryozoan  was  the  only  decorative  species  in  choice  experiments  that  had  a  
significantly  different  mean  percent  cover  (one-­way  ANOVA,  F2,21  =  10.993,  p  =  
0.0005),  where  juveniles  had  significantly  more  cover  of  W.  subtorquata  than  females  
(Tukey’s  posthoc  analysis,  p  =  0.0022)  and  males  (Tukey’s  posthoc  analysis,  p  =  0.0015).  
Decoration  choice  experiments  repeated  Wicksten’s  anecdotal  observations  of  the  
crab’s  use  of  the  anemone  C.  californica.  Final  observed  percent  cover  composition  on  
crab  carapaces  was  significantly  different  than  expected  cover—approximately  one  third  
of  each  categorical  group  (Chi-­squared,  χ2  =  326.479,  p  <  0.0001,  Figure  15).  While  
juveniles  covered  with  sessile  invertebrates,  females  and  males  used  mostly  fleshy  algae  
and  sessile  invertebrates  (Table  12).  Trends  seen  in  observational  surveys  were  repeated  
in  preference  experiments,  as  juveniles,  females,  and  males  tended  to  decorate  with  same  
items  in  the  lab  and  the  field.  
  
Figure  15:  Carapace  decoration  on  the  final  day  of  the  laboratory  experiment  for  females,  juveniles,  
and  males  by  categorical  groups.  Note  that  individuals  with  no  bars  had  no  decoration  on  the  final  
day  of  the  experiment.    
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Table  12:  Chi-­squared  contingency  table  showing  mean  percent  cover  of  each  categorical  group  in  
decoration  choice  experiments  for  juveniles,  females,  and  males.    
  








Juveniles   0   1.11   47.23  
Females   3.04   12.31   10.19  
Males   0   5.89   3.98  
  
Similarly  to  results  from  observational  surveys,  in  choice  experiments  males  had  
the  barest  carapaces  and  juveniles  had  the  most  cover  (Figure  16).  Mean  percent  cover  
was  significantly  different  between  laboratory  experiments  and  observational  surveys  
(two-­way  ANOVA,  F5,123  =  52.818,  p  <  0.0001)  and  between  juveniles,  females,  and  
males  (two-­way  ANOVA,  F5,123  =  14.959,  p  <  0.0001).    
Figure  16:  Mean  percent  cover  of  females,  juveniles,  and  males  in  both  observational  surveys  and  
decoration  choice  experiments.  Error  bars  indicate  standard  error  and  groups  sharing  a  letter  above  
error  bars  were  not  significantly  different.  
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Preference  differences  between  observational  and  experimental  portions  of  this  study  
were  distinct,  showing  that  for  three  of  the  most  commonly  used  items  in  the  field,  
Rhodymenia  spp.,  L.  eleanor,  and  Didemnum  sp.  were  barely  used  in  the  lab  (Table  13).  
Conversely,  C.  californica  and  W.  subtorquata  were  the  most  commonly  items  chosen  by  
crabs  in  the  lab,  but  were  not  readily  used  in  the  field  (Table  13).    
Table  13:  Carapace  decoration  used  by  crabs  in  either  observational  or  experimental  data  versus  
their  use  in  other  portion  of  study.    
  











44   32   17   10   6  
Percent  of  
Total  
41.9   30.48   16.19   9.52   5.71  
Experimental  
Counts  
2   3   0   9   8  
Percent  of  
Total  
9.5   14.3   0   42.9   38.1  
  
DISCUSSION  
Discussion  of  H1:  Decoration  of  Crab  Carapaces  Relative  to  Abundance  of  Items  in  
Habitat  
Decorator  crabs  have  been  observed  to  decorate  utilizing  different  strategies:  (1)  
for  camouflage  (Parapar  et  al.  1997;;  Hultgren  and  Stachowicz  2008),  (2)  as  food  storage  
(Sato  and  Wada  2000),  or  (3)  to  deter  predators  by  using  toxic  decorations  (Stachowicz  
and  Hay  1999;;  Thanh  et  al.  2003).  The  first  objective  of  this  study  was  to  examine  
whether  crabs  select  items  disproportionately  to  the  availability  in  their  environment,  
potentially  utilizing  one  of  these  three  strategies.  Through  subtidal  observational  data  and  
assemblage  analysis,  it  was  determined  that  crabs  actively  selected  some  decorative  
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items,  specifically  sessile  invertebrates  or  fleshy  algae,  and  avoided  others,  particularly  
articulated  coralline  algae.  nMDS  analysis  showed  that  carapace  decoration  by  
Loxorhynchus  crispatus  individuals  was  comprised  of  decorative  items  in  different  
abundances  relative  to  their  habitat  at  all  three  sites.  On  average,  crabs  were  54.72%  
dissimilar  to  their  surroundings.    
This  finding  suggests  two  possibilities,  firstly,  that  decoration  selection  was  at  
least  partially  non-­random:  on  average,  only  45.28%  of  crabs’  decorative  assemblages  
were  decorated  similarly  to  their  surroundings.  As  L.  crispatus  are  generalist  feeders  
(Eggleston  et  al.  2013)  it  is  possible  they  can  eat  their  decoration,  but  this  was  never  
observed  in  the  field  or  during  laboratory  experiments.  When  feeding  was  observed,  
usually  invertebrates  not  used  as  decoration  were  the  main  prey,  especially  gastropods  
and  other  crabs.  The  only  time  crabs  used  potential  food  items  as  decoration  and  later  
consumed  those  decorating  items,  it  was  likely  an  artifactual  result—after  capture  but  
before  preference  experiments  started  crabs  were  given  pieces  of  fish  to  eat  and  covered  
with  the  fish  chunks  (personal  observations).  This  observation  corroborates  Wicksten’s  
(1993)  report  that  Loxorhynchus  spp.  individuals  were  not  seen  removing  algae  from  
their  bodies  to  eat,  unlike  the  behavior  of  Pugettia  spp.  Hence,  food  storage  is  unlikely  a  
utilized  strategy.  Conversely,  some  crabs  covered  themselves  with  decorations  potentially  
harmful  to  predators,  such  as  the  strawberry  anemone  C.  californica  (in  the  field  and  lab)  
and  brown  alga  Desmarestia  ligulata  (in  the  field,  not  used  in  the  lab  experiment).  
Commonly  known  as  Acid  Weed,  D.  ligulata  has  intracellular  sulfuric  acid  (McClintock  
et  al.  1982),  so  if  a  predator  attempts  to  eat  an  individual  decorated  with  D.  ligulata,  
ruptured  cells  may  release  sulfuric  acid  into  the  predator’s  mouth.  Thus,  D.  ligulata  could  
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act  as  a  chemical  deterrent  from  predators,  however  this  would  need  to  be  verified  by  
further  investigation.  Additionally,  individuals  covered  in  C.  californica,  could  gain  
protection  from  predators,  but  the  anemone’s  stinging  cells  are  not  necessarily  a  chemical  
deterrent.  Rather,  they  could  be  considered  a  “physical  deterrent,”  a  similar  use  of  
decoration  to  several  decorator  crab  species’  specialized  use  of  sponges  and  anemones  
(Hultgren  and  Stachowicz  2011).  
Secondly,  the  result  showing  crab  carapace  decoration  was  54.72%  different  from  
the  environment  suggests  that  camouflage  may  not  wholly  explain  decoration.  The  
highest  percent  dissimilarity  between  crabs  and  habitats  was  62.71%  at  Stillwater,  and  
approximately  one-­third  of  available  environmental  decorations  were  in  the  functional  
group  articulated  coralline  algae  (Figure  2).  It  is  possible  that  one  factor  influencing  the  
disparity  between  crabs  and  habitats  is  ease  of  attachment:  articulated  coralline  algae  
could  be  more  difficult  to  remove  from  the  substrate  and  subsequently  attach  to  the  
individual’s  carapace.  Only  six  crabs  in  the  entire  observational  study  covered  themselves  
with  the  coralline  algae  Calliarthron  spp.  or  Bossiella  sp.    
Additionally,  linear  regressions  (Figure  10)  showed  significant  but  not  necessarily  
strong  relationships  between  carapace  length  and  amount  of  decoration,  hence  possibly  a  
factor  other  than  size  is  contributing  to  decoration.  This  may  be  especially  true  for  larger  
individuals,  as  they  fit  the  model  of  decreased  decoration  with  increased  size.  However,  
decoration  did  not  cease  at  a  size  of  eight  centimeters  as  previously  observed  by  
Wicksten  (1993).  It  is  possible  that  passive  decoration  by  organisms  settling  onto  a  bare  
crab  carapace,  whether  by  algae  or  invertebrates,  is  a  factor  contributing  to  carapace  
cover  in  larger  sized  individuals.  For  example,  BW007  was  a  large  male  covered  in  Ulva  
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sp.,  Colpomenia  sp.,  a  spherical  brown  algae  that  is  rather  fragile,  and  a  M.  pyrifera  
recruit  (Figure  17).  It  is  clear  these  algae  settled  onto  the  crab,  as  they  were  fully  intact.  
Conversely,  Rhodymenia  spp.  was  attached  to  the  carapace  in  obviously  torn  pieces,  
therefore  the  crab  actively  chewed  the  algae  before  attaching  those  pieces  to  its  carapace.  
Furthermore,  it  is  possible—if  unoccupied  substrate  is  as  minimal  in  the  environment  as  
this  study’s  data  suggest  (Figure  2)—that  microscopic  algal  sporophytes  or  invertebrate  
larvae  may  settle  through  chemoattractive  cues  onto  a  clean  carapace.  However,  since  
there  were  large  males  less  decorated  and  decoration  did  decrease  with  increased  size,  it  
is  possible  that  crabs  can  groom  their  decoration  and  potentially  remove  their  passive  
decoration.  
  
Figure  17:  BW007  is  covered  in  algal  recruits  that  clearly  passively  settled  on  the  crab,  rather  than  it  
actively  decorating  with  these  items  (photograph  by  Catherine  Drake).  
Three  species  were  identified  as  main  drivers  of  decoration  distinction  between  
juvenile  and  adult  crabs:  Rhodymenia  pacifica,  Scrupocellaria  sp.,  and  Leucosolenia  
eleanor.  The  former,  a  red  fleshy  algae,  is  often  observed  on  crabs  in  pieces,  indicating  
that  crabs  actively  manipulated  and  attached  the  decorative  item.  The  latter  two  species  
are  sessile  colonial  invertebrates  that  tend  to  overgrow  the  carapace,  and  thus  may  
potentially  be  examples  of  opportunistic  settlers  onto  newly  molted  juveniles  (Figures  18  
and  19).  However,  these  species  are  also  able  to  grow  from  fragments,  so  it  is  also  
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possible  that  a  crab  attached  a  piece  and  then  the  decoration  grew  and  covered  the  
carapace.  In  some  cases,  such  as  with  a  M.  pyrifera  recruit  growing  on  a  crab,  it  can  be  
obvious  to  the  observer  that  the  crab  did  not  actively  decorate  with  this  item.    
  
Figure  18:  BW004  is  a  juvenile  crab  covered  in  Scrupocellaria  sp.;;  the  branching  bryozoan  has  
overgrown  the  crab  (photograph  by  Catherine  Drake).  
  
Figure  19:  BW035  is  a  juvenile  crab  covered  in  Leucosolenia  eleanor;;  the  asconoid  sponge  has  almost  
entirely  engulfed  the  crab,  except  for  a  small  amount  of  Bugula  neritina  and  
Chondracanthus  exasperates  toward  its  rostrum  (photograph  by  Catherine  Drake).  
Conversely,  in  the  case  of  a  colonial  sessile  invertebrate  overgrowing  a  crab  carapace,  it  
can  be  difficult  to  determine  whether  the  crab  took  a  piece  from  the  environment  and  the  
colony  grew,  or  the  larva  settled  and  grew  on  its  own.  Wicksten  (1993)  noted  that  
Loxorhynchus  spp.  individuals  did  not  remove  decorative  items  “not  in  harmony”  with  
their  environmental  background,  but  rather  added  to  their  decoration.  This  observation,  
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coupled  with  the  possibility  of  opportunistic  settlers,  may  explain  why  crabs  were  only  
45.28%  similar  to  their  environment.  
As  these  overgrown  crabs  are  often  quite  conspicuous  to  the  human  eye  against  
their  environmental  backdrop,  full  cover  of  one  species  doesn't  seem  to  be  an  
advantageous  camouflage,  and  thus,  opportunistic  settlement  or  active  attachment  and  
overgrowth  seem  to  be  more  realistic  scenarios.  This,  however,  would  depend  on  the  
visual  acuity  of  predators  (Figure  20)  and  the  neural  processing  ability  of  the  crabs  to  
understand  if  their  decoration  is  optimal  camouflage.  Since  crabs  were  on  average  only  
45.28%  matched  to  their  environment,  this  may  suggest  that  predator  acuity  may  be  low  
and  thus  crabs  do  not  have  to  fully  camouflage.  However,  the  presence  of  a  predator—
whether  or  not  it  can  see  a  crab  overgrown  by  a  colonial  sessile  invertebrate—may  still  
be  a  factor  influencing  decoration.  Common  predators  of  L.  crispatus  include  cabezon  
(Scorpaenichthys  marmoratus)  (O’Connell  1953),  China  rockfish  (Sebastes  
chrysomelas),  kelp  rockfish  (S.  atrovirens)  (Larson  1972),  copper  rockfish  (S.  caurinus),  
various  sculpins,  lingcod  (Ophiodon  elongatus),  kelp  greenling  (Hexagammus  
decagrammus),  and  southern  sea  otters  (Enhydra  lutris)  (Hines  1982).  Hines  (1982)  
observed  niche  and  resource  partitioning  in  a  guild  of  five  decorator  crab  species  as  
functions  of  seasonal  changes  and  predation,  noting  that  lingcod,  cabezon,  and  kelp  
greenlings  swallowed  crabs  smaller  than  four  to  five  centimeters  in  carapace  width,  a  size  
range  that  includes  juvenile  L.  crispatus.  
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Figure  20:  A  kelp  rockfish  (Sebastes  atrovirens)  swims  over  a  juvenile  crab  decorated  with  
Leucosolenia  eleanor  at  Breakwater  (photograph  by  Catherine  Drake).  Does  this  predator  see  its  
decorated  prey?  
In  this  study,  on  average  juvenile  crabs  only  had  17.5%  bare  carapace  and  they  
fall  into  a  vulnerable  prey  size  range  of  predatory  fishes.  This  suggests  that  greater  
camouflage  among  juveniles  is  consistent  with  higher  risk  of  predation.  The  potential  for  
a  “flexible  antipredatory  response”  in  L.  crispatus  can  be  corroborated  by  the  lack  of  
completely  undecorated  large  male  crabs  in  this  study,  as  opposed  to  findings  in  previous  
studies.  Additionally,  preference  experiments  demonstrated  that  amount  of  cover  was  
decreased  in  the  lab  (29.02%)  versus  in  the  field  (65.76%).  This  finding  is  consistent  with  
a  “flexible  antipredatory  response.”  Furthermore,  in  decoration  choice  experiments,  
juveniles  decorated  first,  followed  by  females,  and  males  were  last  to  begin  decorating  
(Figure  12),  indicating  that  this  potentially  flexible  response  could  be  exhibited  
differently  between  juveniles  and  adults  as  well  as  males  and  females.  However,  other  
factors  such  as  increased  competition  for  substrate  space  by  sessile  species  may  also  
increase  decoration,  thus  this  study  is  unable  to  confidently  determine  which  factor  is  
more  influential  without  further  investigation.  Additionally,  lab  behavior  is  not  an  
adequate  predictor  of  field  behavior.    
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Discussion  of  H2:  Changes  in  Amount  of  Decoration  and  Decoration  Choice  with  Age  
and  Sex  
The  second  objective  of  this  study  was  to  observe  whether  L.  crispatus  
individuals  changed  their  behavior  of  decoration  by  sex  or  ontogenetically,  previously  
described  as  a  “sexually  dimorphic  ontogenetic  shift”  (Berke  and  Woodin  2008).  
Observational  data  showed  that  on  average,  decoration  between  males  and  females  was  
43.74%  dissimilar,  while  that  between  males  and  juveniles  was  59.25%  dissimilar,  and  
decoration  between  females  and  juveniles  was  42.47%  dissimilar.  The  three  main  drivers  
of  dissimilarity  between  females,  males,  and  juveniles  were  an  asconoid  sponge  L.  
eleanor,  a  branching  bryozoan  Scrupocellaria  sp.,  and  an  understory  red  fleshy  algae  R.  
pacifica  (Figure  11).  On  average,  males  had  54.4%  bare  carapace,  females  had  28.52%,  
and  juveniles  only  had  17.5%,  matching  the  model  of  decreased  decoration  with  
increased  size.  While  juvenile  L.  crispatus  actively  chose  sessile  invertebrates  in  the  
field,  females  selected  sessile  invertebrates  and  green  fleshy  algae,  and  males  used  green  
and  brown  fleshy  algae,  and  this  difference  in  selection  between  juveniles  and  adults  as  
well  as  males  and  females  is  a  novel  result  for  this  species.  
As  juvenile  decorator  crabs  grow  into  adults,  they  outgrow  the  gape  size  of  their  
predators  and  have  been  observed  to  decorate  less  as  a  result  (Stachowicz  and  Hay  1999).  
This  is  especially  true  of  larger  males,  as  the  cost  to  grow  large  claws  is  high  (Allen  and  
Levinton  2007)  but  is  evolutionarily  maintained  due  to  sexual  selection  for  males  with  
larger  claws  (Berke  and  Woodin  2008).  Large  claws  may  lead  to  better  defense  against  
predators  and  lessen  the  need  to  expend  energy  on  decoration;;  however,  Hines  (1982)  
observed  rare  predation  events  where  otters  grabbed  large  L.  crispatus  individuals  
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“exposed  on  the  surface  of  rocks”  that  did  “not  appear  to  have  any  special  escape  or  
defense  mechanisms  from  otters.”  Otter  predation,  even  for  larger  individuals,  may  be  a  
contributing  factor  in  this  study  for  the  absence  of  completely  bare  crab,  unlike  in  
Wicksten’s  1979  study.  Since  1979,  otter  populations  have  grown  and  thus  possible  
predation  pressure  may  have  increased  and  consequently  decoration  choice  to  avoid  otter  
predation  would  also  increase.  Furthermore,  otter  predation  may  explain  why  males,  
females,  and  juveniles  were  often  decorated  significantly  different  from  one  another.  If  
males  are  the  main  target  of  otter  predation,  then  they  may  use  items  on  their  carapaces  
and  legs  that  more  easily  break  up  their  bodies  to  disguise  themselves.  Conversely,  if  
juveniles  are  mainly  preyed  upon  by  fish  with  large  gapes,  then  potentially  they  can  
attach  items  that  will  make  them  larger,  even  if  peripherally.  Such  behavior  is  seen  in  
larval  fishes,  which  grow  spikes  to  appear  larger  to  deter  from  predation  (Fuiman  and  
Magurran  1994).  Other  than  Wicksten’s  study  (1979)  observing  that  crabs  in  tanks  
completely  covered  themselves  in  eight  hours,  duration  of  decoration  in  the  field  is  
currently  unknown.  The  speed  with  which  juveniles,  females,  and  males  decorate  in  the  
field  may  better  shed  light  on  whether  decoration  speed  and  preference  is  influenced  by  
predator  presence.      
Laboratory  preference  experiments  both  confirmed  and  contrasted  observational  
survey  results:  composition  of  decoration  was  significantly  different  between  juveniles  
and  adults.  Juveniles  chose  sessile  invertebrates,  females  decorated  with  fleshy  algae  and  
sessile  invertebrates,  and  males  used  fleshy  algae,  similarly  to  observational  surveys.  
However,  42.9%  of  crabs  that  decorated  in  choice  experiments  chose  the  same  
decoration—the  strawberry  anemone  Corynactis  californica—for  decoration  cover,  
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experimentally  corroborating  previous  anecdotal  observations  (Wicksten  1993).  
Additionally,  it  was  also  found  by  Wicksten  (1975)  that  after  molting,  L.  crispatus  
individuals  removed  decorative  items  from  the  molt  and  placed  the  old  items  on  the  new  
exoskeleton.  This  behavior  was  seen  after  a  round  of  this  experiment,  as  a  juvenile  
molted  and  moved  C.  californica  from  its  exuvium  to  its  new  exoskeleton.  This  may  
corroborate  evidence  for  preference  of  covering  with  the  anemone.  It  is  possible,  when  
not  pressured  by  predation  and  the  need  to  decorate  quickly,  crabs  can  choose  preferred  
decoration.  A  preference  for  a  cnidarian,  with  its  stinging  cells,  may  be  a  precursor  to  
highly  coevolved  mutualisms  between  decapods  and  anemones  (Patton  1979;;  Wirtz  and  
Diesel  1983;;  Brooks  1991;;  Karplus  et  al.  1998;;  Acuña  et  al.  2003).    
The  need  for  more  natural  history  and  development  of  these  crabs  is  quite  evident.  
More  information  regarding  timing  of  their  molt  cycle  and  terminal  molt  is  crucial  to  
better  understand  decorating  behavior,  as  newly  molted,  undecorated  crabs  are  potentially  
vulnerable  to  predation.  It  is  known  that  post-­larval  life  history  for  majoid  crabs  is  
defined  by  two  distinct  periods:  growth  and  reproduction,  with  a  terminal  molt  separating  
the  two  phases  (Sampedro  et  al.  1999).  With  some  crabs,  timing  between  each  molt  and  
stage  in  the  lifecycle  varies  (Conan  and  Comeau  1986).  Determining  the  duration  
between  juvenile  molts  would  help  to  better  understand  whether  factors  described  in  this  
study  (such  as  competition  for  bare  substrate,  or  the  need  to  completely  decorate  to  
achieve  a  size  refuge  and  avoid  predation)  are  possible  influencers  of  decoration  
behavior.  Knowing  how  setal  cover  changes  with  ontogeny  and  molting,  a  morphological  
change  seen  in  other  decorator  crabs  such  as  local  kelp  crabs  (Hultgren  and  Stachowicz  
2009),  would  help  fill  gaps  in  current  research.  For  example,  since  these  crabs  have  a  
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terminal  molt,  it  is  not  yet  known  whether  or  not  the  crab  can  still  decorate  if  some  setae  
are  broken  or  rubbed  off  over  time.    
Additionally,  it  is  important  to  study  their  reproductive  cycle,  and  whether  they  
migrate  to  reproduce,  as  do  some  other  spider  crabs  (González-­Gurriarán  et  al.  1998).  Not  
many  studies  have  been  conducted  demonstrating  the  yearly  cycle  of  local  decorator  
crabs.  However,  Hines  (1982)  noted  that  in  local  crabs,  including  L.  crispatus,  P.  
producta,  P.  richii,  S.  acutifrons,  and  M.  foliatus,  there  was  no  obvious  cycle  for  
reproduction  and  recruitment  given  high  variability  in  both  biotic  and  abiotic  factors  at  
Hopkins  Marine  Life  Refuge.  Hines  (1982)  also  showed  that  both  strong  predation  
pressure  and  physical  factors  such  as  winter  storms  caused  no  apparent  seasonality  in  
brooding  and  reproduction.  There  has  been  some  documentation  of  year-­round  settlement  
in  L.  crispatus  (Hobday  and  Rumsey  1999),  as  well  as  hatching  (Hines  1982),  so  it  is  
possible  that  decoration  has  an  effect  on  reproduction,  that  is,  if  decorating  has  the  
potential  to  be  a  driver  of  sexual  selection,  but  this  has  not  been  suggested  as  a  possible  
driver  of  the  behavior  for  decorator  crabs.    
Although  there  is  evidence  that  L.  grandis  and  other  species  of  spider  crabs  
migrate  and  aggregate  for  reproduction  (Degoursey  and  Auster  1989,  Hobday  and  
Rumsey  1999)  there  is  no  literature  to  show  that  L.  crispatus  exhibits  similar  behavior.  
Not  much  is  known  for  L.  crispatus  about  an  individual’s  home  range  and  movement  
patterns,  although  these  decorator  crabs  appeared  to  be  sedentary  with  small  home  ranges  
(personal  observation).  Smaller  individuals,  both  juveniles  and  females,  were  generally  
found  grouped  on  vertical  rock  while  large  individuals,  usually  male,  were  found  alone  
on  a  larger  variety  of  habitats  (personal  observation).  Filling  the  gaps  in  migratory  
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patterns  and  home  ranges  of  these  crabs  could  potentially  help  understand  whether  they  
choose  a  wide  array  of  items  to  camouflage  in  different  habitats,  or  if  they  decorate  with  
only  items  in  their  home  range.    
   Whether  actively  selecting  certain  decorative  items  or  passively  acquiring  settled  
items,  crabs  were  still  on  average  54.72%  dissimilar  from  their  environment,  but  crabs  
were  more  similar  to  their  own  site  than  other  sites.  This  indicates  that  one,  or  all,  of  the  
three  decorating  strategies  may  be  driving  the  behavior,  but  are  not  the  only  factors.  
Thus,  potentially  whether  a  crab  prefers  one  item  over  another  could  be  coupled  with  
passive  decoration  from  intense  pressure  from  competition  for  space  in  the  environment,  
or  the  need  to  actively  decorate  to  avoid  predation  in  a  habitat  with  high  predation  
pressure.  Similar  to  previous  studies,  which  have  found  that  some  majoids  preferentially  
select  items  to  increase  disguise  and  decrease  predation,  this  study  has  contributed  
observational  and  experimental  evidence  demonstrating  that  while  juveniles  decorate  
with  sessile  invertebrates,  males  use  fleshy  algae,  and  females  cover  with  both  sessile  
invertebrates  and  fleshy  algae.  Furthermore,  this  study  found  that  L.  crispatus  individuals  
utilize  their  decorative  assemblages  advantageously  to  possibly  avoid  predation,  through  
mimicking  the  environment  and  selecting  potential  chemical  or  physical  deterrents.    
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APPENDIX  A  
Table  A1:  Measurement  information  and  locational  and  descriptive  habitat  data  for  crabs  for  
observational  surveys  at  Breakwater,  McAbee,  and  Stillwater.  (Relief  is  quantified  as  the  following:  0  =  0-­
10cm,  1  =  10cm-­1m,  2  =  >1m).  
  
Breakwater  
















Type   Relief  
Position  
(degrees)  
BW001   Male   5   4.2   2.1   0.5   24   Boulder   2   27  
BW002   Female   4.5   3.4   1   0.4   23   Boulder   2   25  
BW003   Juvenile   3.9   2.8   1.2   0.2   22   Boulder   2   20  
BW004   Female   5   4.2   1.4   0.4   23   Boulder   2   25  
BW005   Male   9.8   8.8   4.9   1.6   26   Boulder   1   33  
BW006   Male   12   9.2   13.1   2.6   20   Bedrock   1   123  
BW007   Male   9.7   6.8   5.8   1   25   Boulder   1   140  
BW008   Male   7.1   9.8   6.4   1.4   25   Boulder   1   115  
BW009   Female   7.5   4.1   4.1   0.4   23   Bedrock   2   142  
BW010   Male   7.4   5.3   5.5   0.9   22   Bedrock   1   145  
BW011   Male   8.53   6.51   3.52   0.65   23   Boulder   1   52  
BW012   Male   8.61   6.51   6.2   1.11   21   Bedrock   2   33  
BW013   Male   9.16   6.35   6.21   12.1   18   Boulder   1   62  
BW014   Male   12.35   12.15   12.4   2.1   17   Boulder   2   3  
BW015   Male   1.315   1.32   0.97   0.21   17   Boulder   1   37  
BW016   Male   2.35   1.75   0.7   0.2   15   Boulder   1   57  
BW017   Male   11.1   7.8   4.2   1   30   Boulder   1   112  
BW018   Juvenile   3.8   2.6   1.2   0.6   18   Bedrock   2   130  
BW019   Juvenile   3.8   3   0.8   0.2   18   Bedrock   2   180  
BW020   Juvenile   2.6   2   0.6   0.1   18   Bedrock   2   180  
BW021   Juvenile   3.6   2   1.2   0.4   18   Bedrock   2   9  
BW023   Male   14   10   12.2   3   19   Bedrock   1   78  
BW024   Male   9.5   7   3.5   1   19   Bedrock   1   135  
BW025   Female   10   7   3   1   17   Boulder   1   0  
BW026   Male   9   8   3   1   11   Bedrock   1   0  
BW027   Female   5.5   4.5   2.5   0.5   15   Bedrock   2   90  
BW028   Female   5.3   6.4   2.4   0.5   26   Pipe   -­-­   -­-­  
BW029   Male   10.5   7.7   7.7   1.9   27   Boulder   2   90  
BW030   Male   10.4   7.9   8.7   2.5   29   Boulder   1   90  
BW031   Male   8.7   7.2   -­-­   -­-­   29   Bedrock   2   180  
BW032   Juvenile   5.6   3.2   1.7   0.3   17   Boulder   1   13  
BW033   Female   7.9   5.7   2   0.7   17   Boulder   1   8  
BW034   Female   5.9   3.8   1.2   0.5   17   Boulder   2   15  
BW035   Juvenile   5   4   2   0.5   13   Boulder   1   45  
McAbee  
MC001   Female   3.6   2.5   1   0.5   30   Boulder   1   90  
MC002   Male   11   7.5   4   1   27   Bedrock   2   15  
MC003   Male   14.5   12.5   12.5   3.5   26   Bedrock   2   0  
MC004   Juvenile   1.5   1   2   0.5   24   Bedrock   2   0  
MC005   Juvenile   1.5   1   1   0.5   24   Bedrock   2   0  
MC006   Juvenile   2   1.5   1   0.5   24   Bedrock   2   0  
MC007   Juvenile   3   2   1   0.5   24   Bedrock   2   0  
MC009   Male   13   8.5   7   2   27   Bedrock   1   80  
MC010   Male   11   8   7   2   28   Sand   0   90  
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MC011   Male   10.2   9.6   9.8   3.3   16   Boulder   1   33  
MC012   Male   9.7   7.1   7.8   1.4   24   Bedrock   2   140  
MC013   Male   12.3   10.2   13.6   3.1   22   Bedrock   1   141  
MC014   Male   10   6.8   4.9   6   25   Bedrock   1   35  
MC015   Male   7.35   6.31   4.32   1.51   20   Boulder   2   0  
MC017   Male   17   14.1   13   3.5   30   Boulder   1   95  
MC023   Male   6   4.2   2.6   1   22   Boulder   1   180  
MC025   Female   6.9   4   2.6   0.4   25   Bedrock   1   168  
MC026   Female   4.5   3.3   1.8   0.3   24   Bedrock   1   180  
MC027   Female   2.8   2.4   1   0.2   24   Bedrock   1   172  
MC030   Female   5.8   3.2   1.7   0.4   30   Bedrock   1   54  
MC031   Male   7   4.7   3   1   30   Bedrock   1   180  
MC033   Juvenile   3.4   2.2   1.8   0.2   28   Bedrock   2   40  
MC034   Juvenile   2.8   2   1.2   0.2   28   Bedrock   2   40  
MC036   Female   6   4.8   3   1   25   Bedrock   1   180  
MC037   Juvenile   3.2   2.4   1.4   0.2   25   Pipe   1   180  
MC038   Juvenile   4   2.6   1.8   0.4   25   Pipe   1   180  
MC039   Female   9.2   7   3   1   25   Bedrock   2   125  
MC040   Male   11   8   7   2   25   Boulder   1   180  
MC041   Juvenile   4   2.5   1.5   0.3   25   Boulder   1   180  
MC042   Juvenile   4   2.5   1.5   0.3   24   Pipe   1   180  
MC043   Male   12   8   6   3   26   Boulder   1   120  
MC044   Female   12   9   4   1   24   Boulder   1   160  
MC045   Female   11   7   2   1   28   Boulder   1   90  
Stillwater  
SWC001   Male   12   8   -­-­   -­-­   45   Bedrock   2   0  
SWC002   Female   10   5   1.5   0.5   49   Bedrock   1   80  
SWC003   Female   11   8   4   1   45   Bedrock   2   90  
SWC004   Female   10   5   3   1   43   Bedrock   2   0  
SWC005   Male   12   6   5   2   46   Bedrock   2   80  
SWC006   Juvenile   1   1   1   0.5   46   Bedrock   2   80  
SWC007   Male   15   12   10   3   45   Bedrock   2   90  
SWC008   Male   12   9.5   9   1.5   42   Bedrock   0   90  
SWC009   Male   9   7.5   6.5   2   42   Bedrock   0   180  
SWC010   Female   3.2   2.7   1.3   0.8   51   Kelp   0   0  
SWC011   Juvenile   1.8   0.8   0.6   0.3   51   Bedrock   2   12  
SWC012   Male   7.2   5.3   3.1   2.2   48   Boulder   1   31  
SWC013   Male   4.7   3.8   1.2   0.3   49   Bedrock   2   84  
SWC014   Juvenile   1.3   0.9   0.6   0.1   47   Boulder   2   110  
SWC015   Male   10.9   8.1   5.6   1.8   41   Bedrock   2   0  
SWC016   Female   12.2   8.1   2.5   1.0   41   Bedrock   2   164  
SWC017   Female   10.9   8.4   3.0   1.5   42   Bedrock   2   100  
SWC018   Female   7.1   5.1   2.5   1.0   41   Bedrock   2   180  
SWC019   Male   9.1   7.1   3.3   1.3   37   Bedrock   2   174  
SWC020   Female   11.9   8.6   3.0   1.8   39   Bedrock   2   87  
SWC021   Female   5   4   3   1   42   Bedrock   2   90  
SWC022   Juvenile   3   2   1.5   0.5   43   Bedrock   2   90  
SWC023   Juvenile   2   1   0.5   0.1   42   Bedrock   2   0  
SWC024   Juvenile   3   2   0.5   0.1   43   Bedrock   2   0  
SWC025   Male   14   11.5   14   3.5   29   Bedrock   2   45  
SWC026   Female   4   3   1.5   0.25   29   Bedrock   2   45  
SWC027   Juvenile   3   2   1.5   0.25   31   Bedrock   2   45  
SWC028   Juvenile   4   3   1   0.5   33   Bedrock   2   45  
SWC029   Juvenile   5   4   2   1   30   Bedrock   2   60  
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SWC030   Juvenile   3   2   1.5   0.25   30   Bedrock   2   45  
SWC031   Juvenile   2.5   1.5   1   0.25   30   Bedrock   2   45  
SWC032   Juvenile   3   2   1   0.25   47   Bedrock   2   45  
SWC033   Male   10   8   4   1   46   Bedrock   1   45  
SWC034   Male   13   11   -­-­   -­-­   46   Bedrock   1   10  
SWC035   Juvenile   4   3.5   2   1.5   43   Bedrock   2   45  
SWC036   Juvenile   3.5   2.5   1.5   1   43   Bedrock   2   60  
SWC037   Male   6   4.5   2.5   0.5   33   Bedrock   1   20  
SWC038   Male   6.5   4   2.5   0.5   34   Bedrock   2   10  
SWC039   Juvenile   3   2   1   0.5   34   Bedrock   2   10  
  
Table  A2:  Measurement  information  for  crabs  used  in  preference  experiments.    
  









1   Juvenile   7   4.5   3   0.5  
2   Male   12   8   5.5   1.5  
3   Female   9   6.5   5   0.5  
4   Male   8   6   4   10  
5   Female   10   0.5   5   1  
6   Male   11   7.5   8   2  
7   Male   12   8.5   7   2  
8   Female   8   6   3   1  
9   Juvenile   6.5   4.5   3.5   0.5  
10   Female   9   6.5   4   0.5  
11   Male   10   6.5   6.5   1.5  
12   Female   9.5   7   4   0.5  
13   Male   12.5   8.5   8.5   2  
14   Male   12   7.5   6.5   1.5  
15   Male   10   6.5   5.5   1.5  
16   Male   9.5   7.5   5   1  
17   Male   10.5   7   4.5   1  
18   Juvenile   4   2.5   1   0.25  
19   Juvenile   5   3   1   0.25  
20   Juvenile   2   1.5   0.5   0.25  
21   Juvenile   3.5   2.5   1   0.25  
22   Juvenile   2.5   2   1   0.25  
23   Juvenile   4.5   2.5   1.5   0.4  
24   Juvenile   3.5   2   1   0.25  
25   Female   10.5   7.5   4.5   0.5  
26   Female   7   5   3   0.5  
27   Female   9   6   4   0.5  
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Table  A3:  Observations  from  hours  1-­8  of  experimental  Day  One  describing  any  decoration  by  crabs.  
Note  that  no  decoration  occurred  within  the  first  hour  of  the  experiment,  so  that  has  been  omitted.  
  
Crab   Sex   Hour  2   Hour  3   Hour  4   Hour  5   Hour  6   Hour  7   Hour  8  
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Table  A4:  Observations  of  decoration  taken  during  Days  2-­8  during  preference  experiments.  
Crab   Sex   Day  2   Day  3   Day  4   Day  5   Day  6   Day  7   Day  8  
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2  to  rostrum,  









































11   Male  
  Not  yet  
decorated     Died  
                    

































13   Male   Died                                





















Died                 
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decorated   Died                      



















27   Female  
Rhodymenia  
spp.  to  
carapace  
No  new  
decoration  
No  new  
decoration  
No  new  
decoration  
No  new  
decoration  
No  new  
decoration  
No  new  
decoration  
  
